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I SUMMARY

OnFdoruary 24, 1989, the Nationd Indtitutefor Ocoupetiondl Sefety and Heelth (NIOSH) recaived areguest
fromthelntemaiond Chemicd WarkersUnion (ICWU) to evdugte patentid ergonomic hezardstowarka's
invalved inthe produdion of meid and pladic coniainersat Bannett Indudriesin Raotorg lllinos: Severd casssof
capd tunnd syndromeamong warkerswho menufediure plastic containers hed been reparted to the union during
thepreceding 3years Inreponsetothisrequest, amadicd and evironmentd invedigationweas condudied & the
Reotonefadlity on June6-7, 1989.

Theagonomic evaugtion categarized the plagtics container divison job tesks of Shink ring aperatar, cuter, and
hendeatacher ashighrisk for devdlgoment of cumulaive traumadisordas (CTDs). Jobsinthemeasdvigon
weareassss| to bed low-modaaernsk of devdgpmat of CTDs  Thequesiorearesurvey indicated thet the
prevdencedf uppa extremity peinishigher anongwarkersintheplagticsdvison compered tothoseinthemdials
dvison. Record review of the OSHA 200 logs and workers compensation recordsindicated thet two job taeks
(dink ring oparator and cuiter) in the plagtics divison rgpresanted 83% of thergparted CTD casesfrom January
1986t0 Jine 1980 whileanly aooounting for gopraximetdy 15% of threwarkforae: Thus themedicd findings
uppart theergonomic assessman thet thejob tasks of drink ring gperator and autter hevean inoressad risk for
devdopmat of CTDs

Onthebedasdf thisinvestigaion, NIOSH invedigetars condudied thet an upper extramity CTD hezard edidsinthe
plagtic contanersdivison for thejob tasks of autter and dink ring operatar é the Redtonefadility of Benett
Indudries Recommenddtionsto prevert these CTDsare provided in Sadtion VI

Kemwords SC 3070 (misodlaneous plagtic produdsinalgry), cumulaivetraumadisorder, capd tunnd
s/nodrome, plagtic contanas ergonomics


adz1
On the basis of this investigation, NIOSH investigators concluded that an upper extremity CTD hazard exists in the
plastic containers division for the job tasks of cutter and shrink ring operator at the Peotone facility of Bennett
Industries. Recommendations to prevent these CTDs are provided in Section VIII.

http://www.cdc.gov/niosh/hhe
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INTRODUCTION

OnFdoruary 24, 1989, the Nationd Indtitutefor Oooupetiondl Sefety and Heelth (NIOSH) recaived areguest
fromthelntemaiond Chemicd WarkersUnion (ICWU) to evdugte patentid ergonomic hezardstowarka's
invalved inthe produdion of meid and pladic containersat Bennett Indudriesin Reotorg lllinos Severd casssof
capd tund syndromeamong warkerswho menufediure plastic containers hed been reparted to theunion during
thepreoeding 3years

Ondne6-7, 1989, amadicd dfficer, anindudrid enginesr, and abiomechenica enginer condudied an
evironmantd and medicd survey. A wak-through survey was condudied of bath themetd and plestic

gparaions paying patticular aterntion to the operaionsinvalving produdion of pladic containa's insarting of geske's
into pladiclids timming of excesspladtic fram containers and ataching of metd handlesanio the containers

A ldter smmaizing theprdiminary findings of thisinvedigaion wesissued on une 23, 1989,

BACKGROUND

A. Gaad

Bedt Indidriesisinvaved inthemenufadiureof sl to mediumgzed plagticand metd contanas (e
pails. Thepladicand mad divisonsaf theplant arelocated in sperate buildings and meneged as sparate
anities

Atthetimed our suvey, Benet Indudriesemployed 181 peodledt itsRectore, lllinaisfadlity (86inthe
plagiic container dividan, 77 inthemetd container divison, and 18ingenerd medhinemainienance). The
plagtic container divison hesthree 8-hour produdion dhifts whilethemed container divisonhesanly one
8hour produdion dhift.: Sncethetimeour survey was conducted, theinedtion malding depatmat inthe
plagtic contaner divison hessitched fram eight to twelverhour work days: Warkersinthisdepartment nov
dtemateworking three- and four-day work weeeks

Svad casessdf capd tunnd syndrome hed bean reported to the Pectonefadllity menegamant and tolocd
uniondffidasduing thepegt twoyears  1n reoponseto employeeconoams aplant walk-through hed ben
conduded by an ICWU indudtrid hygienis on Feruary 2, 1989, Thissurvey nated severd job tesksinthe
prooudtion of bath plagtic and mea containarswhich reguired repdtitive henchwrig movemants: Falloning
thisaurvey, areguest for aNIOSH hedlth hezard evaugtion of thejob tesksinvaved in the produdtion of
plegic and metd contanerswasinitiated by the [CWU on February 16, 1989.

B. JbDexipgions
1  HadicsContangr Dividan
a  Contaner Operdor

Themeinjcb adivity of acontainear gparaor isatending to aninjedion mading medhinethet
producespladic pells Themaded pailsare ddivered to aganding worker by adhutelocated &
therear of thewark gation. Thewarker renevesapal from theduiewith theleft hend and
plaossit onaplafamwhilesmutaneoudy removing anather pall with theright hend fromthe
samrepdafoam

Thelatter pail isplaced on atablelocated 90 degressfrom the plaform. A buttonisadtiveted




Pege 3 - Hedth Hazard Evduaion Repart No. HETA 89-146

withtherigt hend, cauisng thepatfomtogain. A hegt trestmant isgpplied to theaining el
whichreediesit for alater slk soreaning gparation. During the hedt trestment, theworker "sgps’
amdd hendeonthe pal whichwesprevioldy ramoved from theplafarm. Thecompleted pel
isthen dacked onthework table Onceten pallsare dacked, theworker cariesthedack tothe
pelleizing areg whichislocated ashart digancefromthemainwaork area. Thereisenoughroom
onthework teblefor about three dacks of tenpails A two-cavity mald container oparator
complelesabout 218 pallspe howr.

b.  Cover Opgaor (Autometed)

Madded contaner covasareddiverad & tble haight to awarker by aconveyor located & the
end of aninedionmadding mechine Thewarker can ether dand ar st whilepafaming thejob.
Circular-shgped gaskes cdled drink ringsarelocaed to thelleft of thewarker onthesametadle
towhichthecovesaeddivaed Thewarker pidksup aghirk ringwith theleft hend and
loosly placesit around theingde parimeter of acover hdd by therignt hend. Theassambly is
then placed onadrada fixturelocated infront of theworker. Theworker adugtesthefixture
with atwo-handed contrd mechenismwihich causssthefixtureto gain and, with herdware
atached to thefixture, ssouresthe gesket to the cover. Thecompleted cover assamidy isthen
dackad onateblelocated totheright of theworker. A meterid hender periodically ramoves
dacked coversfromthework place. A cover gparator assigned to afour-cavity mald
completesabout 450 coversper howr.

c.  Cova Opgaor (Manud)

A segted warker renaves malded coversfrom aconveyar located to theright of thewark

teble Gaskdsaelocated totheldt of theworker. Theworker pidksup agesket with thelet
hend and loosdy seauresit onthe cover, which thewarker plaossin front of imher with theright
hend. Thegesket isseourad to the cover by diding asraght tod around the paimeer of the
oove. Atthetimed theplant wak-through, thewarker wasrecaving green, gray, and arange
oovas Only thegreenand gray coversrenuired geskes Thearangelidswearesacked tothe
|eft of thewarker immediady dter theworker recaved them fromthe conveyar. Thefinished
gay and gren lidsweare dacked infront of thewarkplaoe and removed by anotheworker, who
weaspafaming adffeat goaaiononthecovars Onatypicd day, awarker inthisarea
hendes 190 covarsper hour.

d  Svink Operatar

Palsfamed on catan madswill nat achieveaunifam dameer opaningif Ieft to herden
returdly. Thesepailsareforoed onto aghink ring of aset dameter throughwhich cdd weater
dradaes Thisgparation acodeaatesthe hardening of the peil apening and assurestid the proper
damderisaotaned,

Sandngwarkesressvemaded pallsfram aconveyor located infrort of them. A pell is
ramoved fram the.conveyar and foroad with bath hends onto one of @ght drink ringslocated in
thework area. Theworker thentripsalever to rdesseapl thet wasdreedy onanedf the
drirkrings Thispal istekento aganfixtureonwhich the heet tregting gperation is pafamed
(previoudy desribed). Theworker thenremovesthe pell, sgosamed hendeonto the el
dacksitinthewarkplaog and reumsto the conveyar which ddiversfresily-maded pells Atthe
timed thepant wak-through, therewaretwo warkersrecaving two Szesdf palsfromthesame
conveyar. Theearethetwo ramaining pallsproduced by thecompeny thet requirethedrink
gparaion. Occadandly, onewarker hesto pafom the dink oparation on bath szesof pallsfar
dat paiodsd ime Eachworker would nomély process 119 pallspar hour pafoming the
dvirk opaaion
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A warke will typically soend onethird of thewarkday onthisoparation. Theramaning
twothirdsof theday are goent on ather container oparator positions: Themaximum amount of
timegpant onthisjabwould befour hoursper day, assuminga12-hour shift.

e  Slksyening

Thisjobiscomprisad of threeratating postions thelinefesder, theslksoreane, and the
ingoedtar/dacker. Radion takesplaceevary 15 minutesthroughout theday. Theraledf waork
for thisjobis500-600 pellsper hour.

@

@

©)

LineFede

Thelinefesdar places pailsfrom dacks ontoamoving raller conveyar. Theconveyor
sosthe palsthrough aflametrestmeant (reedying them far decorating) to the stk
red.

Slksyeag

Theslksresner recdvespallsfromthe conveyor a ebout waid haght. A pall is
ramoved from the conveyar with theright hend and isplaced onaround fixturewith
bathhends Thefixtureishorzontally-orierted, & ebout thewarke’'sshoulder height.
Theworke adugtesafloor-mounted pedd with theright foat, which causssthefixtureto
rotete countard odkwise and then dodkwise to goply theslksoreaned lebd. The
completed pell isramoved fram thefixtureand placed on abdt conveyor located to the
|eft of theworker.

Ingoector/Sacker

Thisworker recaves decoraled pellsfrom the silksoreener. Each pall isingpedted and,
when necessary, touched up by hend. Finished pailsare placed onardller conveyor
located near thewarker and rgedts are dacked inthework place

f.  Offst Slksyeming

TwojosweredLdedinthisaea theaffsat slksoresn operation, and thehendeattachment
gpardion ('sgoping handes”).

@

Slksyen

Sacksof undeoorated peilsarelocated behind the danding worker. Theworker brings
anumbe o palsino theimmeadiaewark areaand placssthrem aneby oneonthe
mandhil of theautometic slksresning mechine: Theraiaing adiondf themedhine
postionsthepelsfar slksreaning and randasthem to aconveyor thet leedsto the
handesgping aea
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@) HadeAtating

Denorated pallsrecaved from the slksoresn medhine areremoved from the conveyar
with either theright or left hend, and ametd hende (dacked inthework areg) is
"sgpped’ into placeonthepal. Completsd pailsaredacked fivehighonthewark teble,
and then plaosd on another conveeyar which leedsto theingpedionpecking area. The
worke can st or dandwhilepafoming thisoparaion. Thethreewarkasinthisarea
produce 950 palsper howr.

Gangdly, thareisonewarker oparaing the slksoresn mechineand wowarka's
ggpinghandes Thesewarkarsrotaepostionsevay 15 minuies

Pdlet Tray Making

Pdlet traysare ddlow boxes (sbout four inches degp) thet are placad & the battom and top of
dacksdf pels Bandsdf sed seoured around the pellet trays comprisethe packegeinwhich
mod pellesdf palsareshipped. Theseboxesareassambled by pedkarsingoedtars line
oparaars or ay ather parsonnd avalablewhen pellet traysare nesded.

A dandingworker placessacks of flat cardboard hedsonalagesquaretadle Theedgesof
the cardboard shedsare soored where they areto befdlded. Using asuspanded sgpler, the
worker fadensthe comersof adjaoant edgestogether. The cardboard sheet isratated ebaut the
dationary wark tebleuntil dl four comersdf thebox aredaded. Typicdly, theworker fddsthe
edgeswith both hends hdldsthe comerstogether and ratatesthe cardboard sheet with theleft
hend, and edivatesthe dapler with theright hend. Thecompleted tray isdacked onitssdeinan
aeaadjacant totheworker. About 20-25 pellet traysare assambled by vaousworkersper
hour.

Blow Mdding Depatmat

Twojob taskswereevduatad inthe Blow Mdding Depatmant. Theseweareauiter andline
operdor.

@0 CQute

Cuitersrenave ma ded containarsfrom medhines|ocated behind thework dation.
Exasssflashing thet acoumulated during themading gparaionisremoved fram the
batton, the hendle, and the gpening of eech containg. Containasareplaced onthe
autting tedle, and theflaghing isremoved by hend and through use of aknife The
contanersaretrimmed as nesded, and then placed onaconveyar far coding while
bang trangoorted to theline oparator for additiond oparaions: Cutarsratateevay
hour, but only with ather autters: Two auttersattending to four malding medhineswill trim
72 containashour/oiter.

@  LineOpador

Thelineopaaor recaves containasfrom the coding conveyar. Eachtypedf

contaner ispasitionad onthe proper diill presswharethegpaningis""reamed”’ ot The
contanasaethen removed from the dhill pressand taken to anather dation, wheredhips
of padic aeloosned with anar jet and ramoved withavecuum deanar. Rnished parts
areplaosd onaconveyor for trangoort to the next gperation.
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V.

2. Mdd Cotang Divisan

a

METHODS

A

Medcd

PressRoom - SampLids

Thisjob consgsdf three oparaionsthroughwhich eech worker ratatesevary helf hour. Duning
thefirg gperation, sheatsaf mdd arefed into apunch pressby agandngworker. Themad
shegsaedacked onthewarkersright, and thereisahin for sygp totheldt of theworker.
Each et islageenoughtoyiddfour lids After thefird lidisdamped, theworker rotetesthe
shet with bath hendsinadodkwisedredion. Thisraiaioniscontinued unil dl four lidsare
dampad, and theexcessmad isplacad inthe sorgp bin.: About 12,000 lids are Samped per

&

At the saoond oparation, damped lids ddivered by abdt conveyar toasttingworker, are
placed onapunch presswhich fomstheedge of thelid. Thisoperaionweasscheduled tobe
automated hotly dter thetimedf our plant walk-throughingoedion

Thethirdworke recaveslidsfrom the seoond punch press oparator and dacksthem a theend
o thewark teble Thelidsarethen trangported to anather work sation for edditiondl
opardions

SanpHdesinLids

After apanting gperation, thefarmed lidsare ddivered to apunch pressgparationwhare hdles
aesamped. Sacksdf lidsarearanged totheleft of theseeted operator. A lidisplaoedinthe
punch presswith thelleft hend, and bath hends are used to adivate the contrdl buttons: Thelidis
ramoved with theleft hend, agesket isplaced onthe hdewith theright hend, and thecompleted
lidisgadked totheright of theworker. Mataid hendersthen removethedack lidsand ddliver
themtothenext gparaion. Four hundred lids are processad per hour a thiswork gation,

Packing Containars

Compleed metd contanersare ddiverad to two danding workersby ardller conveyar. The
pellsaetsken df thecorveyor with ather theright or left hend and tadked onapellet. Thefird
heght of thedacksisabout 62indhes Whenthepelet isfilled, athirdworker dackslidsonthe
pellet and places acardooard tray ontop and securesthe pellet tightly. About 22,000 containers
per day arepecked inthismanne.

Themedicd invedigetioninduded areview of the OSHA 20010gs (1986 to presart) and Workers

Comperstionfiles (1986 to presart). Additionelly, abrief confidentid soreening quedionnairefar upper
extremity dsordarswesgvento curant erployessframdl shiftsaof themdd and plagtic menufadiuning arees

whowereinvaved with gparaions repuiring repeitive upper exdremity mations: Informetion adllected

induded acurant job higory and amedicd higary, with afocuson curant or recart musculoskdetd
pradlamsinvaving the upper extramiiesor nedk.
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B.  Egonic

Theergonomic evauation induded videoigaing severd jabosin thepladic containar and metd contaner
dvisonsasthey were paformead during thefirg hift of operation. Thesejooshed dther been higtarically
asodaad with cumulativetraumadisordars (CTDs) of the upper extremity or gopeared toinvave
conddarademenud edivity when aosarveed during theplant walk-through ingpediion. Al of thejosswere
ubsuantly andyzed to dedaminethetimeto compleeanefull movemant inthe oparation (cydetime), the
numbe of movementsper oyde, presancedf avkward posiures, and esimated muscular force
repuirements

V. EVALUATION CRITERIA

Cumuaivetraumadsordas(CTDg) of themusculoskdeld system often ooour inwoarkerswhosejoosreire
repditive upper edramity exation. Thesedisordarscan presant themsdvies asbursitis ganglionic oyds
musUloskded srain, synowitis tendinitis tenosynovitis andlar numearous ather gpadifically desribed
musouloskdeld syndromes induding carpdl tunnd syndrome: Thesedisordars dfedt the nerves tendons and
tendon shegths of the upper extremity. Sudieshave hoan thet thesedisordars can be predipitated and

agyravated by adiviies assodated with repditive exation, particulaty if compleion of thetesksrenuiressignificant
goplication of foraein an avkward posture™ The posiures most often assodiated with Upper edtramity CTDsae
wiig extendon and flexion, uner and redid devigtion of thewwrid, gperthend pinching, twising movemeanis o the
wrig and dbow, and shoulder abdudion. CTDsareconddered inmany casssto bework-rdated becausethese
typesdf poduresand movemanisarereguired in meny menufaduring and assamidy jobsinindudry. Oooupetions
farwhichahighinddence of CTDshavebean reparted indude dedranic componants assahly, textile
menufadure, sl gopliance menufaduiing and essamtdling, meet prooessing and pecking fish filleting, and buffing
andfiling. Whetiscommontodl of thesejabsisrepditive, derentyped movemant of thehend, am, and wrig,
couped with varying degressof mustular exation. Theadud inadenced CTDsamong theseand ather indutries
hesnat yet bean esablished, but indidences as high as 44 cases par 100 workers per year have been reported

Because oooupetiond factorsare consdered to beof mgor impartancein the devdlgpmeant of thesedisordears few
nonoocupationd antecedantsof CTDsareidentified or reported. Examplesof nonroooupetiond risk fectars
indude hodbiesand recretiondl adtivities; Such aswoodworking, tennis weight lifting, kinitting, and sasming. All of
these pedimesimpose physicd demandson themusoulatendinous sysem smilar to those of thejoos mentioned
above

Capd tunnd syndromewesinitidly noted ssadinicd entity ssealy as189%6. However, nat until 1947 westhis
median nevedsorder fully desaribad and recognized ssasndromein medicd litereture: The presantly acoepted
dincd presataion of thesndrameindudes pein and perathesias (buming and tingling sensation) inthehend dong
theddribuion of theafedied median neve, predipitation of Smilar symptomsat Night whiledegaing, and possible
redidtion of peinto other partions of theinvalved amthand 52 Carpdl tunnd syndromemay be assodiated with
non-ocoupdtiond facdtors such esacutetrauma, digbates mdllitus, hormordl factors (useof ord contraogatives
pregency, and gynecdogicd surgaty), rheurmetaid athitis acromegely, wiid epelsze, congenitd (et kirth)
defects and gout? Snoeanumber of theseconditions are unicue to wormen, their risk of carpel tunnd syndrome
mey bedevated. \Whilewomen have bean reported to beat highrisk for CTS dueto oocupetiond fadtors vary few
dudieshave compared therate of CTSin men and women pafamingidenticd jobs Siverdeinet dl. found thet
womenand menwerea essartidly thesamerisk if pafoming identicd job adivities? 2

Tharearesavad fadtarswhich may predpitate cooupetiond cumuldivetraumadisorder. Amongtheseare
excessvemustula forog dhort length of job oydes and high frequency of movemants: Onedudy found thet
wakeaspafoming joswithfarcelevdsof 4 kilogramsar marewerefaur imesaslikdy to devdgp hendwrigt
CTDsasthoseworkerswhosejobsrecpired muscular exationsof 1 kilogramor less* Jobtaskswith oydetimes
legting 30 ssoonds or lesswerefound to be assodated with aninddence of upper extramity CTDsthreetimes
gredte then thosejobswherethe oydetimewas grester then 30 ssoonds? In Sudiesreporting anincressed
inddencedf CTDs whearethe number of hand movementswias recorded, therange wasfrom 5000 t0 50,000
repatitionsper day.> 2* Thewark adtivitieswarevaried and induded cutting poutry, keysroking, hend
sadingffiling, and pecking tea
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VI.

Because dof thecomplexity of repetiivemation pettams it hesbean difficuit to ddfineaaitica frepuency fador for
odinngaCTD rik. Reoartly, hovever, guiddinesfor using frepuency of movemat ssamathod for assgning risk
to arepetitivetask were developed and goplied in astudy of amest processing and pecking plant® Low risk was
Odfined asfewe then 10000 movementspar day, medium risk s 10,000 to 20000 movementspa day, and high
risk 520,000 or moremovamanisper day. Thesefregquency of movaman aitaiaareiniended mardy as
guiddinesfar judgng therdativerisk of ahend intesvejdb teek. Itisdoimpoartant to natethet ather factors
asodaed with the pafamence of awark edivity, uch ashigh levdsof musoular forceexarted and avkwad
upper extramity podiures would reducethe number of movemants ddiining eech of theaboverisk categories

Theaurat draeyy for redudng therisk of CTDsfor acatantask isto minimizeexpoareto job fadorsthet are
hiomedchenically sressful, i.e, high farag, avkward podiures and high repition retes: Thisismod effectively
achieved through theredesign of work ations tods or wark methodsthet wereidentified through job anelysisas
rik fadorsfor CTDs

RESUL TSAND DISCUSSON
A. Mad

A review of the OSHA 200 logsand Workers Compensation records disd osad 14 reported cases of
capd twnnd syndrome (CTS) from January 1986to June 1989 (Table ). Recorded jobinformetionfor
eech of thergported CTS casssindicated thet dl of theseemployess hed worked inthe plagtic containa's
menufeduring dvison Tend the 14 cassswarewarkeswith thejdb titedf sink ring oparatarsinthe
opentheed pladic contanersprodudionline: Threedf theremaining four CTS casssweareamongworkers
known asauttersintheldow mading depatment. Theather CT'S case oocurred inaworker who goplies
slksreaningtotheplagic contaners

Inadditionto CTS cases 10 ather cases of upper edtremity cumulaive traumadisordars (induding tendiniis
and ganglionic cys) weredso reported from January 198610 Jine 1989 (Tahle1). Sevenof these 10 (70%)
CTD casssoooured among workesin theplagicsdvigon. Sink ring operatarsrepresanted Sx of these
2ven CTD casssinthe pladicsdvison; theather cooured inacuiter. Howvever, theather three (30%) cases
invaved warkkesknoawn asdumlinegparatarsinthemda contanasdvison

No casssof cumulaivetraumadisorder warergparted inthe OSHA 200 logsfar theyear 1986, During
1986, 1987, 1988, and hdlf of 1989, however, atatd of 24 cases (induding CT'S cases) werereported.
Using company records edimeted cumulativeinddenceratesfar CTDsover this3-1/2 year paicd weare5.2
(plagtics) and 1.2 (metd) per 100 parsontyears: One can comparetheserateswith detafrom the Bureeu of
Labor Setidics (BLS) 1987 Annud Report;® theindidenceratefor disordars assodiated with repested
mation, vibration, or presaure (thisindudes CTDs) for the misodlaneous pladtic produdtsindLgtry [ Sanderd
Indudtrial Cooe(SIC) #3070] wes 0.35 per 100 full-imeemployees and for thefebricated mete products
inoLery (SC#3410), whichindudes processing of metid cansand shipping containers was 0078 per 100
fuldimeamnpoyess (TheBLSinddencerateindudesather disordarsbesides CTDs notahly hearing loss)

Anather compaison rateisfrom the Mayo dinicin Rochester, Minnesotafrom 1961 to 1980: 0105 cases
of capd tunnd syndrome per 100 parsontyears® Theinddanceratein the plagics container divisonfor
CTScassdonewas45 par 100 fulHimeemployessfor the pariod desibed previaudy. Althoughthe
inddenceraesfor CTSsand CTDsa Baet Indudriesare besed onasmdl number of cases compaison
with ather ratesindicatesthet thefadlity'srates are subdtantidly higher thenwhet would beexpedted,
paticiaty inthepagicsdvison
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Quesiomareswarecompleted by 96 of 107 (8%%0) aurent warkea's(77 inthepladicsdivigon, 2L inthe
mddsdvison). Theahasweareunavaladea thetime Theprevdencedt upper edremity symptlomsand
medicd trestmant for CTDsweshigher anongwarkasinthepladicsdvison, but the differenosswearenat
daidicaly dgnificant (Teble2). Futher andlyssdf thequedionraire by job task, department, and duraion of
employmat wasatampted; however, dueto sl numbasof workersinvaiousjob caegariesor
Ogpatmants and mutiplejab tesk rattionwithinawark dhift, thisinformetion wes nat mesningful.

B.  Egonamic

Thevideotgpesfor eech of the abovejaosweareandlyzed to ddermine cydetime, number of movemantispe
oyde pressnoeof avkward posiures and esimeted muscular forcerecuirements: Thesedetaarecombined
for puposesof asdgningtoeechjob arisk levd for devdopment of CTDs besed onagtandard 8-hour dhift.

OnApil 29,1990, adhift drangetook placeintheinjedion mading areadf theHagticsDivison. Asdf this
Oete workersareassigned to a 12-hour dhift, three days onewesk and four daysthenext. For jobsinthis
departmart, risk levdswill be presented besad on theeight-hour hift thet wsin place @ thetime of the tudly,
andfor thenew 12-hour shift schedle

1  HadicsCaotang Dividon
a  Contaner Opgaor

Thetimeand mation dudy for thisjabindicated thet therewerefivear x movemanisfor theright
hend and threemovemanisfar theldt hend per jab oyde Themainergonomic dressors
asdaed with thistask arewrig exters onwhileadivating the button on the ain teble (because
thebuttonistoo low), themusoular foroe needed to sgp the hendeiin plaoe, shoulder abdudtion
whileattaching thehendeto thepeil, and houder fledonwhiledadking thepellstenrthigh onthe
wok tae Becausethe pel could bemenewvered whileataching thehende, wrigt postiures
weremantansed modly intheneutrd postion duning thispartion of thegparation.

Thehdght of thetebleisthe primary workplacefadior causing shoulder fledion and bdudion
duingthisgparation. Themoet ussful fundiontheteble savesisto provide essy accesstothe
hendes Thesecould bekgat onahook or smdl exdtenson ateched tothesainfixture: This
extension could dso beused to dahilize the el whilethehendeissgaped. If theteblewes
ramoved from thework areg, the pelletizing areacould bemoved doser to thewarker and the
dacking of pailsonthetadle, and subssquent trangpart to the pellet areacould be dimineted,

Thefarcerenuired to Sgp the hendein place wasjudged to be medium because of theneutrd
wrig posuresand because thewarm plegtic fadllitates the defametion of thepeil nesdied to
postionthehende At 218 pailsper hour, therangedf hend movements per @ghi-hour day is
8,720-10464 for theright hend and 5,232 for theleft hend. Carresponding 12-hour dhift
movamentswould be 13,080-15,69 for theright hend, and 7,848 for theleft hend. According
totheevdudion aitaia, thisjdbisin themadiumrisk categary for development of upper
extramity CTDs regadessdf thedhift length

b.  Cove Opaaor (Autometed)

Thevideo ardyssindicated thet four movemants per hend wearerequired to pafam this
gpaaion. At 3600 covarsper four-cavity mald, thetatd movements mede eech day would be
14,400 pa handinaneght-hour day. Thehend movematt taid for thisjob pafomedina
12-hour day would be 21,600 for eech hend. Muscular force nesded to paform thisoparation
isjudged to below to moderate, and the only cosarved deviated posurewas moderatlewrist
exasonwhileadivaing thelbuttonwhich contrdsthefixture. Thisjab pressntsmedium sk for
thedevdopment of CTDsinan 8-hour day and highrisk for a12-hour diy.

Bventhoughtherewesagiod inthewark place (adudly severd dadked peilscovered with
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pedding), it doesnat gopear to beposshleto pafom thisjodbwhilestiing. Itwould bedfficuitto
adivatethe contrd buttons, and theworker would nat be adle to Sack the completed coverson
theadjeoat tebleto thehaght necessry. However, pafaming thettask inaproperly designed
seeted postionwould provide somevaidly to theworker and rdief from condant gending.

c.  Cova Opgaor (Mawd)

Thisjob required four right hend movemantsand areleft hend movemant par cove. Theright
hend movemant medeto rdrievethe cover fram theconveyar weslow infarog whilethetiree
medketofit thering in the groove gopeared to reuire cons derable musoular farce: Thetod usd
during the oparation hed aguiteble hendefar apower grip and could be used modly with the
wiigintheneurd postion. Oocasordlly theworker devieted thewidt intheradid diredionwhile
rgpostioning thelid in preperation far the seoond forogful movemant. Assuming thet eech cover
repuiresageske, thenumber of movementspar eght-hour day far thisjabwould be 6080 far
theright hend and 1520 for theleft. Twevehour dhift movementswould be 9,120 for theright
hend and 2280 for theleft. Becauseof themusoular forcereguiired to parfam thisjob, therisk
leve for thedevdgpoment of CTDsisinthemadiumto dooveaverage categary.

d Sk Opaaor

Thevideo adyssd thisjobindicated thet eight right-hend and x left-hend movemantswere
reuired per pall. Themovemat patterswaregoraximetdy thesamefor thetwo differart
gzesof buckes Themain podurd dressorswearewrigt extendgon (both hends) toforcethe el
artothehrink ring, edandgon of theright wiigt to adivete the button thet qainsthe peils and right
wrig extansion and left wiid redid devidionto sgpthehandesinplace Themusoular force
repuired to forcethe peallsonto the Shrink ing wasjudged to behigh, and thefarceto segp the
hendeson the pail was consdered to bemoderae. Other agpedtsof thejab werejudged tobe
low to moderatein muscular forcedemand.

At 119 plsper hour, awarker onthisjabwould meke 7,616 right hend movemantsand
5,712t hend movamenisduring atypica workday. Twevehour movement rateswould be
11,424 for theright hend and 8563 far theleft hend. Theseare moderate repdtition retes
However, theamountsof farcereppired to placethe pailson the drink ring, and to sgp the
hendesonthe pells poseahigh risk to thewarker for devdgping hendwrig CTDs TheCTD
rik of theworkerspafoming thisjab depends on the posiionstowhich they ratate

e  Slksyening

Becausewarkasratate through thelinefesde,” "slk soreane," and ingoector/dacka™
oparaionsof thisjab, theregpdition ratesand ergonomic sressorsfor thesetaskswill be
presanted and discussad together.

Thelinefeedar placesabudket on the conveyar with onemovemant of eech heand. Additionel
movamatsmey bemedeby thewarker to repostion dacksdf palsddivered by ametarid
hender, but thesewere nat aosarved and areassumed to beinddentd. Muscular foroes
required arelow to moderate, and there are no deviated wrigt posiures assodaed with thisjab
task. At 500-600 pellsper hour, therange of movementsfar thistask would be4,000-4,800
per day for eech hand.,

Radng the pailson the slksoreaning mechinerenuiresthreeright and threeleft hend movemants
Right wiid fledonwhilepicking thepeil off the conveyar, and It hend edarsonwhilepositioning
thepal ontheslksreaning fixture wearedosaved in bath warkers pafaming thisegoect of the
goaaion. Oned thewarkersfdlowed theadion of theslksoreening mechinewith theleft hand,
amovemat pattenwhichwasjudged to contribute an unnecessary dresstothrewarker. Force
required to paform this part of thetask gopeared to bemoderate. At 500-600 pallsper hour,
thistesk, if pafamed exdusvdy, would reguire 12,000-14,400 movemanisfor eech hend.
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Theingoedar/dadke, onaverage, medetwo right hend movementsand areleft hend
movemat par pece Thesefigurestakeinto aooount thefadt thet mod pallsaremerdy
trandfiared fram ane conveyar to the next, with notouchrups: For those pailswhere toud-up
wasrequired, it was difficuit to judgetheamount of farceexartad. Overdl faroes howeve,
gppeared to below to modaratefar thisjob task. At 500-600 pallsper hour, thisjob requires
8,000-9600 movementsfor theright hend and 4,000-4,800 movemanisfar theleft hend. There
weareno oosaved podurd dressorsfor thisjab task.

Asuming the thethreewarkersin thisareaparfamed eech of thesetasks equdly throughout the
day, thenumber of hend movementsfor eech worker would be 8,000-9,600 for theright hend,
and 6,666-8000far theleft hand. Overdl asssssmant o thisjabislow to moderaterisk of
developing hendwrig CTDs

Theslksoreening department isnat schedled for 12-hour day's but increesed work-hour day's
areaposshility if morethen the usud number of ijedion malded pailsaredecorated. If thiswere
to coour, 12-hour shift repetitionswould be betwean 12,000 and 14,400 for theright hend and
between 9,999 and 12,000 for thelet hend. Theassesment of thisjobwould ill bemodarate
risk of devdgping hendwigt CTDs

f  OfftSlksyeming
(1) Slksyemn

Loeding pailsonto the dffst slksoreaner requirestwo right hend movementsand onear
two et hend movaments: Thejab can be pafarmed with no podurd devigtions
dthough acocasiordlly the dosarvied worker flexed or edended theright wrig while
postioning thepel onthemechine Musoular forcerenuired gopeared tobelow to
modaae At 950 pelspar hour, aworker would meke 15,200 right hend
movematsand beiween 7,600 and 15,200 |t hend movements pafaming thistask
foraghthours Twevehour shift repditionrswould be 22,800 for theright hend and
betwean 11,400 and 22,800 for theleft hend. Thedffst slksoreening departmant isnot
gheduled for 12-hour days but inaressed wark-hour daysareapossihility if morethen
theusud number of injedtion molded pellsare decorated.

(2) Hadeataching

"Sgpping heandes' isan undrudiured task, aubjedt toindividue dyle Onaverage for
right hend movementsand threeleft hend movamentiswearerequired to atech ahendeto
apel. Theman podurd dressr dosaved wesfledon of theright wiig while
menpuaing thepal. Muscular farceexated was difficult to edimete, bt it iswell known
thet theforoe needed to deform acald pail exosedsthet to deform alfreshly-malded el
Theforceseamad to bethe mein conoam of thewarkers and the consasus was thet
gging herdesinthedffsst aeaweasedramdy difficut. Assuch, musauar foroewes
judged to bemodaaeto high for thisjab. Itisimportant to natethet only aneor two
movematspe pal repuired high forcelevds reaving apel from theconveyar and
dacking afinshed pel inthewark areaarerdativey low forceadivities

Atthetimed thevideatgaing, thelinelesder wes attaching hendes o thereweretiree
wakesonthelineingesd of thenomd two. Assuming thet thenonmd reteis475 palls
pa worker par hour, thisjab would reguire 15,200 right hend movementsand 11,400
left hend movemanisif pafomed for éght hours: Twelvehour repetition rateswould be
22800far theright hend and 17,100 for theleft hend. Thecombinetionof forceand
repdtition assodated with thiswark task plecesthewarker & ahigher then averagerisk
for dadgping CTDsduing aneght-hour dhift and ahighrisk of CTD devdopmat i
pafamedfor 12 hours
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g

Thetimewaghted hend movemants asuming thet thetwo warkerswho sgp hendes
raaewith theonefeading themendtil are 15200 far theright hend and amaxdimum of
12 654 for thelet hend. Muscular forceswould belowver becauseeechworker would
begpading anethird of theday loeding pallsanio the slksreaningmedhine This
combirgtiondill posssahighe then averagerisk of CTD devdopmant tothewarkersin
thsaea

Pdlet Tray Meking

Assamiing onesmel cover box requires 16 right hend and eght et hend movemenis The
main podurd dressorsaretrunk flexion, shoulder abdudion, and wri flexion (both hends) to
fad thefront and beck edges of thelbax, foream prontion to fdd the Sdes of thelbax, and
pinchiing with theleft hend to hdd the comasin pacewhile tgping with theright hend
Musoular foroeswerejudged to bemodaraeto high

At theraethewarker was assambling baxes about 1,100 could be produced inaneght-hour
workday (137 per howr), rqpresenting about 18,000 right hend and 9,000 Ieft hend movements
pear shift. According totheevdugtion aiteria, thisjobwould presant andevated risk for the
devdopmat o CTDs Howeve, pele tray mekingisafille™ jab paformed by
peckerfingoectorsand line oparators as nesded, wiho make about 200-250 baxes per 12-hour
dhift. A warker could assambletherequired number of baxesin lessthen two hours anincresse
ineffatlevd whichwaud likdy nat dfect the CTD risk leve of theworke’snomrd job.

Blow Mdding Depatmat
O Cute

Atthetimed thevideotgaing, thereweretwo cuttersattending to two mechines
whearesstharearenonmdlly threecuttersassgned tofivemedhines: At theraethe
autterswere absarved to beworking, about 960 containerscould be.out and trimmed
per dght hour day. Howeve, atypicd cutter will nommelly anly complete 72 peilsper
hour (576 per eght-hour day).

About 22-25 right hend movementsarerequired to trim and aut acnecontaing. Theleft
hend isusad mainly to had the container whilegparaions are baing pafamed with the
right hend. Themain podurd sressorsare shoulder abdudion and uner and redid
devigiondf therightwiie. Becausethe container ismenipulaied ssverd imesduing the
gparation, right-hand wrigt devigtions ooour lessthan expected.

Ovadl musaua farcerequiramentswerejudged to liebawean modaraeand high,

with somed thegparaionsrequiring high farce demands eg, pulling off thefleghing fram
thecontainer and auting with theknife. Right hend movementsper dhift, bessd on 576
containarsper day, would range betwean 12,672 and 14,400, whichismedium
aocording totheevdugtion ariteria. However, becauseof themusoular force
repuiremats thisjob presmntsahigher then nomrd risk of CTDstotheworker.,

(2  LineOpaaor

Atthetimed thevideotgning, theline operator wes prooessing gremn, yellow, and white
contanes Each of theseisprocessed inthesame manner, but & differant dill presses
However, thevideo andlysisindicated thet processing eech of the different cdored
contanasrenuired thesamegengd petten of movemanisand thet, on average, the
rangewas 56 movamatsfar eechhend. Themain podurd dressorsweareshouder
fledonto retrieveacontane from the.coding conveyar and houlder fledonto placetie
long-azdevaouuminto acontane gpaning. Whigt posureswearemodly neutrd during
threwark cyde Musoular forceswerejudged to below to moderate
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At 1,152 contanerspar cyde, movementswould range between 5,760 and 7,056 for
eechhend. Thisjdb presmisonly amodaraerisk of CTD devdgpmat tothewarke.

2. Mdd Cotang Divison

a

PressRoom - SampLids

Thisjabrequiresabout fivemovemanispa piecefor both hends: Twelvethousandlidsare
damped per day, which meansthat theworker hendes 3000 meid shedsinawark dhift.
Hand poduresare neuird while pafaming thistask, but the hendsaremaintained a shoulder
haght and thedbowsareflexed duingmog of thejodb cyde A warker pafaming thistask
exdusvey during the day would bereguired to meke 15000 right and left hend movements
Musoular forcewasjudged to bemedium for thistesk. Overdl impressonsarethat thisjob
presntsamedumnisk totheworker for thedevdopment of CTDs

Itisimpartant to notethet damping lidsisthe modt repetiiveand farodiul of threeratating
postions onedf whichweasschedlied to be autometed shartly dter thetimedf theergonamics
evdugtion TheCTD risk of any acneworke pafoming thesamplids’ gparaion mudt be
modified bessd onwhetever ratationd shemeevdved ssaresit of theautometionwhich took
place

SanpHdesinLids

Thisjob requiresabout threeright hend and four left hend movementsper job oyde Wark rate
is400 piecesper hour. A warker pafoming thisjab for @ght hourswould meke 9600 right
hend and 12,800 Ieft hend movements

Themost commonly coourming posiurd dressorswarewrist extendonin bath hendsto edivate
the buiton contrdlling the press edtansion o theright wiig whileramoving lidsfrom the press and
shoulder bdudion, dbow extansion, and uiner devigtion of theright hend to stadk finished pieces
totheright of thepressmechine

Musdeforoesreguired werejudged to bemedium. Occasordly, thewarker srugdled to
sparaeinooming lidsbefore plading thaminto the press medhing which added unnecessatly to
theforcedamandsdf thetask, but nat enough to effect the overdll forceassessmant. Thisjab
presrtsamedumrisk of CTD devdopmat totheworker.

Packing Containars

Sadking med contanersfor pedking repuiresanemovemant per hend per contangr. At

11,000 containars per worker per day, thisjob would require 11,000 movements per hand
duingatypica day. Podurd sressarsinduded ulner devigtion and fledion of thewrig while
dacking thecontanersinthe pedking area. Themain podiurd sressor oosarved wasreeching
ove theheed (shoulder flexion) to dack contanas 10 high. Ingenad, thestadk height would be
excessvefor hotworkas Musdeforcerepuiremants gopeared to below to modarate, as
woud betheovardl CTD risk of thisjob.
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VIl. CONCLUSONS

Theagonomic evaugtion categarized the plagtics container divison job tesks of Shink ring aperatar, culter, and
hendeatecher sshighrisk for devdgoment of CTDs Thequestionnaresurvey indicated thet the prevalence of
uppe edtremity painishigher anongwarkersin thelagticsdvison compered o thoseinthe meidsdivison

Reoord review of the OSHA 200 logs and workers compensation recordsindicated thet two job tesks (drink ring
oparator and auiter) in the plagtics divison represented 83% of thergported CTD casssfrom January 1986t0 June
1939 whileanly acoounting for 1526 of theworkforce: Thus themedicd findingssuppart theergonomic eassessmat
thet thejab tasks of Shrink ing operator and cuiter haveaninaressed risk for devdlgpment of CTDs

VIIl. RECOMMENDATIONS

Fomtheagonamic evdugtion, mot of thejab tesks Sudied & thisplant were cateparizad generaly asmedium ik
for CTD devdgpmant, besad on andght-hour day. Exogpt asnoted bd ow, noimmediate adtion nesdsto betaken
onthesejobs eventhough dressfiul podiures and movementsreouiring devated muscular forcelevdsweare nated,
Honeve, thesedressrs if dimineted, could provideameansto reduce theergonamic risk levd of ajob, or save
asadating pant for inevenionif uvellanceadiviiesindicate thet musularskddd prodemson paticular josshed
begunto devdap.

Theswitchfrom 8- to 12-hour wark daysin theinjedion mading departmant presntsastugionwhichisdffiaut to
aaEss Somed thejabs(asnated inthe Results sadtion) inareeseiin risk dueto theincreesein repetitions over the
12-hour day. However, therepdiition retes destribed abovein the Evaugtion Critaiasadtion arebessd onthe
asumption of 8hourwork days and a5-day wark wesk. Warkassin theinjetion malding department wark
three- and 4-day wark weeks: Tharefore, werecommend thet dose monitaring of theworkersin thisdepartment
D that quidk adion can betekeninthe casethet the chengeinwork schedliehesaninfluence on the hedlth of the
workers

A. HadicsDivison Contang Oparatar
1  Rexiatthebutonwhich contrdsthegainning tebleto dlow for adivaionwith aneutrd wrid podire
Thebutton could beariented verticaly a theleve of thetable, enlarged and pedded to dlow for
adivaionwith thekneg, or even located onthefloor to dlow adivaion with afoat pecd.

2. Ramovethetadeonwhich compleed pailsare dadked fromthewark areas Thiswould dlow for
pailsto be gadked near thewarker and would diminete the excessive dack heightsand thenesd to
cary dacksdf palstothepeldizng area

B. HadlicsDivison, Cover Opaaor (Autometed)

1. Comde modfyingthejobtesk todlow for eesy pafomencewhilesiting. Thismodificetionwoud
require

a anajutadedharwith bedk support;

b.  rexientaiondf thecontrd buttons or introdudion of afoat pecd to contrd thegainning fixture:
ad

c.  alowe tabefor dacking completed covers ar adideor dutewhich ddiversthecovers
dredly tothemdtaid harde.

C. BRadicsDividon, Cover Opardar (ManLd)
1 Povidethreworker withadar having beck support.
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D.

Hedtics Divison, Sink Operator

1 Himrgethrough methanicd asig or automation thereouiramant thet workersforcemalded pallsonto
thedrink rings Thisagoett df thegperation combineshigh muscular forcewith posturd sress (Wit
extanson) thet isnat tderddefor any but thedronges workkes Aninleimintavenionwould beto
identify light duty teeksthet workerscould ratteinto eter goending limited ime on the hrink operation.
Rafamancedf thedink gparation should nat exceed 1. hour & atime, and nomorethen4 hoursina
12-hour workday.

2. Reoietconrd buttonson gaintableasin container gperator job discussed above
3. Coinuedfatstodiminetethe produdion of pellstiet reuirethesrink operation.
HadicsDivigon, Offset Area, Atteching Handes

1 Himreethroughmedenicd assg or atometion thereguiramant thet hendesbeatached menudlly to
addpals A methanicd asgg meansatod or processthet adsin dgfaming thepall sothet thehende
canbeesly atached. Anintlgim or dtamdiveintaventionwould beredriced ime sgpping hendes
with light duty work assigned baween ratgionsinto thisjob.

HedticsDivison, Pellet Trey Making

1 Dividetheamount of timenesded to pafam thistask (gbout two hours) among & leest twowarkas
andfor nomorethen anehdf hour a atime

Hadics Divison, Blow Mdding Department, Cutter

1  Povideamethanicd meansto ramovethelarge acoumulaion of flaghing a thetap and battom of the
moded pails Thesearethetwo Sepsinthe operaion thet repuirethemog muscular efart.

2. Lonvethehagt o thewak tehleto diminete shouidar aodudionwhile pafoming timming
gpardions Thehaght of thetableshoud besuch thet thedbons area thewarke'ssdewith the
hendsjust bdow thelevd of thedbow.

3. Bruretret knivesarekent hap and that the hendeson theknivesarelarge enough (sbout L5 incdhes
indama&) to behdd comfartebly inthehend. Thelengh of thehendedhaud besuch thet itis
upparted by thefleshy portionsof thehend and nat by the soft issie of thepem.

4. |daify or aegteligt duy wok inowhich auterscnratate: Timespant trimming peilsshoud be
resridted to & mog onehelf of awork dhift.

Med Containg Dividon, FressRoom, Sanp Hdesin Lids

1  Povideamesnsfor eechfindhedlid to bedgpensad with a teblehaght, rather then tacked and
moved out of theway by thewarker when thestack height becomesexoessve: A garingHoeded,
recessadl regptadelocated to theright within essy reech of theworker isonedtaretive

2. Locaethegeske ringsplaoad onthehdesdter the tamping aperation in agravity feed binbetwean
themechineand thetalewhare completed lidsare digpensad. Thegpening df thishinshoud bea the
haght of thepaint of gperation of the punch press o thet the gesket could be placed on thedamped
hdewithanesmoath movamant of right hend judt dter thelidisramoved fram thepunch press: The
recommended arientation of thebinwould dso diminete the need for theworker to reech to hisher sde
tordrieveagaske nng.

3. Povideanajutabledar with back support o that theworker can get dosar to the oparation, if
desred, and dso ramovelidsfrom the press mechine without extending thewris.
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TABLE1

REPORTED CARPAL TUNNEL SYNDROME (CTS) AND
OTHER CUMULATIVE TRAUMA DISORDER (CTD) CASES
(January 19860 Jne 1939)

BENNETT INDUSTRIES
PEOTONE, ILLINOIS

HETA 89-146
HadicsDivison MeddsDivison
Srirkring Drumlire
_operdar Cutter Silksreener _operdtor
CTSs 10 3 1
Other CTDs 6 1 3
Tod CTDs 16 4 1 3

14
10

24
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TABLE2

QUESTIONNAIRERESULTS

BENNETT INDUSTRIES
PEOTONE, ILLINOIS

HETA 89-146
Hadics Meds
Number of repondents 77 pil
Panwithinthepes monthirn
Upper edramity 55 (71%)*  11(52%)
Hands 36 (48%) 8(38%)
Foreamsidbows 29(38%) 5(24%)
Shouders 28(3%0) 6(30%)
Neck 25(33%) 6(30%0)
Within pest morth recaived
medicd tresmat for:
Carpd tumd 9(14%) 1(5%)
s/dame
Gaglionicoydt 3(5%) 1(5%)
Tendoniis (W) 5(8%) 0(0%)

* (Prevdenced symptosin plagticsdivison) / (Frevdence of symptamsin
medsdvisan)

** Number and (%0) of respondants
*** p=0.32, Hsher'sexatt tet, 2-talled

Prevdaxe
Retio

14
13
16
12
11

95%0 Confidence
Intavel

09-21
0.7-23
0.7-36
06-25
05-23



